(19) 



l 




(12) 



(43) Date of publication: 

15.11 .2000 Bulletin 2000/46 

(21) Application number: 00302171.4 

(22) Date of filing: 16.03.2000 



Europalsches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 1 052 630 A1 

EUROPEAN PATENT APPLICATION 

(51) lnt.CI. 7 : G11B7/24 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Nlshizawa, Akira 


MCNLPTSE 


Yokohama-shi, Kanagawa-ken (JP) 


Designated Extension States: 


• Kojima, Takeo 


AL LT LV MK RO SI 


Naka-gun, Kanagawa-ken (JP) 


(30) Priority: 10.05.1999 JP 12924499 ' 


(74) Representative: 


Neobard, William John et al 


(71) Applicant: 


Page White & Fairer 


VICTOR COMPANY OF JAPAN, LTD. 


54 Doughty Street 


Yokohama-Shi, Kanagawa-Ken (JP) 


London WC1N2LS (GB) 



(54) Optical disc with transparent film 

(57) An optical disc has a recording layer on which 
data has been stored and a transparent layer stuck on 
the recording layer. The transparent layer is composed 
of two transparent films. One of the film is stuck on the 
other film at a predetermined angle formed between ref- 



erence points on the films with respect to the center of 
the optical disc so that the stuck films exhibit the mini- 
mum birefringence while the data is retrieved by a laser 
beam through the transparent layer. 
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Description 

BACKGROUND QF THE INVENTION 

[0001] The present invention relates to an optical s 
disc from which data are retrieved through a transparent 
film formed on the disc. 

[0002] Optical discs, such as, compact discs (CDs), 
have been widely used as storage media. High-density 
optical discs, such as, digital versatile discs (DVDs) are 10 
now on the market to meet a demand for large capacity. 
[0003] Data stored on an optical disc is read by an 
optical head having a specific wavelength. Installed in 
the optical head is an objective lens that focuses a laser 
beam onto the optical disc. The laser beam incident 15 
from the rear side firstly passes through a disc substrate 
for protection of data from dirt or scratches on the disc 
surface when retrieved. The laser beam is focused onto 
the recording layer on which data has been stored, and 
is modulated by pits formed on the recording layer. The 20 
modulated beam is returned to the optical head for data 
retrieval. 

[0004] Data retrieved from optical discs will be 
degraded if there is physical deformation of disc, such 
as, warpage or a variation in thickness of disc sub- 25 
strates. Data will also be degraded if there is an error in 
optical properties of the materials used for optical discs, 
such as, birefringence. 

[0005] The degree of data degradation is related to 
the numerical aperture NA of an objective lens installed so 
in each of optical heads if the wave length of a laser 
beam of each head is the same. 
[0006] In detail, the larger the NA, the smaller the 
pits formed on the recording layer, for high density. On 
the other hand, the optical discs require small warpage 35 
at NA to the third power. Furthermore, optical disks 
require small variation in thickness of disc substrates to 
the standard thickness at NA to the fourth power. 
[0007] The tolerances of optical discs to warpage 
(TW) and to variation in thickness (TV) are expressed 40 
as follows: 

TW a XJ(X x (NA) 3 ), TV a X/(AX x (NA) 4 ) 

where "V is a wavelength of a laser beam, T the thick- 45 
ness of a disc substrate through which the beam 
passes, and "At" a variation in thickness. 
[0008] For DVDs, the thickness in disc substrate is 
made half the CDs, with increase in tolerance to warp- 
age, for stable data retrieval. so 
[0009] The disc substrate can be made thinner for a 
laser beam passing therethough to attain higher storage 
density. One technique for this is disclosed in Japanese 
Unexamined Patent Publication No. 1996(8)-235638. It 
is disclosed that a transparent film of about 0. 1 mm in 55 
thickness Is formed on a data recording layer by sticking 
the film thereon or applying an ultraviolet cure resin 
thereon. A laser beam passes through the transparent 
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film for data retrieval. 

[0010] An ultraviolet cure resin is however hard- 
ened to shrink for causing warpage of discs. Or, unsta- 
ble irradiation of ultraviolet lays causes a variation in 
thickness of ultraviolet cure resin. 
[0011] Experiments on production of optical discs 
with transparent films, such as, polycarbonate films by 
sticking thereof on the data recording layers resulted in 
improvement in thickness or less variation in thickness 
of discs. These transparent films however exhibited ani- 
sotropy in coefficient of linear expansion, Young's mod- 
ulus or birefringence when the materials, such as, 
polycarbonate, had been drawn into films. 
[0012] The anisotropy caused a large variation of 
data output over the disc surfaces. 
[0013] Furthermore, the experiment on production 
of optical discs at 20°C and data retrieval at 50 °C 
resulted in large warpage of discs. 

SUMMARY OF THE INVENTION 

[001 4] A purpose of the present invention is to pro- 
vide a high-density optical disc having transparent films 
with less warpage and stable data output regardless of 
anisotropy in birefringence of the transparent films, and 
also a method of producing the optical disc. 
[0015] The present invention provides an optical 
disc having a recording layer on which data has been 
stored and a transparent layer stuck on the recording 
layer. The transparent layer is composed of at least a 
first transparent film and a second transparent film. The 
first film is stuck on the second film at a predetermined 
angle formed between reference points on the films with 
respect to the center of the optical disc so that the stuck 
films exhibit the minimum birefringence while the data is 
retrieved by a laser beam through the transparent layer. 
[001 6] Furthermore, the present invention provides 
a method of producing an optical disc having a record- 
ing layer on which data is stored. At least a first trans- 
parent film and a second transparent film are stuck each 
other at a predetermined angle formed between refer- 
ence points on the films with respect to the center of the 
optical disc, to form a transparent layer. The transparent 
layer is then stuck on the recording layer. The angle is 
adjusted so that the transparent layer exhibits the mini- 
mum birefringence while the data is retrieved by a laser 
beam through the transparent layer. 

BRIEF DESCRIPTION OF DRAWINGS 

[0017] 

FIG. 1 is a partially enlarged sectional view of an 
embodiment of an optical disc according to the 
present invention; 

FIG. 2 illustrates measuring equipment of birefrin- 
gence; 

FIGS. 3A and 3B illustrate the distribution of bire- 
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fringence exhibited by a polycarbonate resin film; 
FIGS. 4A, 4B and 4C illustrate two polycarbonate 
resin films stuck each other; and 
FIG. 5 is a graph showing variation in birefringence 
exhibited by the polycarbonate resin films stuck 5 
each other at angle a. 

DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENTS 

10 

[0018] Preferred embodiments according to the 
present invention will be disclosed with reference to the 
attached drawings. 

[0019] FIG. 1 illustrates an embodiment of an opti- 
cal disc according to the present invention. 15 
[0020] An optical disc D has a disc substrate 2 
made of a polycarbonate resin, for example. Formed on 
the substrate 2 are concavities 4, such as, pits (for data 
retrieval) or grooves (for recording). The concavities 4 
are covered with a film 6 that is a reflective film (for 20 
retrieval) or a recording film, to form a data recording 
layer 7. A transparent layer 8 is stuck on the film 6 by an 
adhesive (a transparent adhesive layer) 14. The layer 8 
is composed of two transparent films 10 and 12 stuck 
each other by an adhesive (a transparent adhesive 25 
layer) 16. 

[0021] Firstly, the disc substrate 2 is prepared 
through conventional processes. 
[0022] The preparation starts with a process of 
applying a resist on a large glass disc which has been 30 
polished to be flat and washed. The glass disc is larger 
than the optical disc D to be produced. The resist is dis- 
solved in a dilute solution and applied on the glass disc 
by a spin coater. The thickness of resist is the same as 
or larger than the depth of pits which will be formed 35 
later. This glass disc is called a resist disc. 
[0023] The resist disc is set on a cutting apparatus 
after the dilute solution is volatilized. The cutting appa- 
ratus is provided with a laser diode to emit a laser beam 
for forming pits or grooves, a modulator to modulate the 40 
laser beam, a focusing lens to focus the laser beam to 
expose the resist disc for forming the pits, and a turnta- 
ble to turn the resist disc. 

[0024] Data are stored as pits on the resist disc if 
the disc is a retrieval type, while they are stored as 45 
grooves if a recording type. 

[0025] The resist disc is set into a development 
process after it is exposed to a laser beam for forming 
pits or grooves. The resist disc is developed by an alka- 
line solution to precipitate the pits or grooves. so 
[0026] The resist disc formed with the pits or 
grooves is coated with a thin conductive film of nickel, 
for example, after being washed and dried. 
[0027] The disc coated with the nickel film is dipped 
into a nickel plating solution for nickel electroforming. 55 
The thickness of the layer plated with nickel depends on 
a mold, such as, about 0. 3 mm. 
[0028] The nickel-plated layer is peeled off from the 
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resist disc, and is processed inside and outside after 
washed and polished, to be fit in the mold. This proc- 
essed disc is called a stamper. 

[0029] Like conventional LP or EP records, the 
nickel-plated layer is sometimes called a master. Repli- 
cas of the nickel-plated layer, such as, a mother or a 
stamper, can be produced from the master. 
[0030] The stamper is set on an injection mold. Disc 
substrates having a center hall are produced with 
desired diameter and thickness. 
[0031] Formed on each disc substrate in the injec- 
tion molding are pits or grooves exactly the same shape 
as those that have been formed on the resist disc by the 
cutting apparatus. 

[0032] When pits are formed, they are covered with 
the film 6 (FIG. 1) that is a high reflective thin metallic 
film of about 60 nm in thickness of Al or an alloy of Al 
and Tl or Cr (5 wt% or less), for example, by a sputtering 
apparatus. On the other hand, when grooves are 
formed, they are covered with a multi-layer film of, for 
example, a dielectric layer of Si0 2 , a recording layer of 
Cr, Ta, Sb and Te, and an Al reflective film. 
[0033] The disc surface is conventionally covered 
with a protective film for corrosion or scratches. The pro- 
tective film is usually the monomer of an ultraviolet cure 
resin having a low viscosity. The monomer of the ultravi- 
olet cure resin is applied on the reflective or recording 
film by a spinner, and hardened by ultraviolet rays. A 
label indicating the stored data is printed on the protec- 
tive film by screen printing, for example. 
[0034] However, In the present invention, formed on 
the disc surface is a transparent layer composed of a 
plurality of transparent films, instead of the monomer of 
an ultraviolet cure resin. 

[0035] Illustrated in FIG. 1 is the transparent layer 8 
stuck on the film 6 by the adhesive 14. The layer 8 is 
composed of the two transparent films 10 and 12 stuck 
each other by the adhesive 1 6. The films 1 0 and 1 2 are, 
preferably, a thin film of polycarbonate resin. The optical 
disc D is illuminated with a laser beam L for data 
retrieval from the transparent layer 8 side. 
[0036] The thickness in the transparent films 1 0 and 
12 is 0. 5 mm or less each (thinner than half a disc sub- 
strate) according to the present invention. 
[0037] The transparent thin films 1 0 and 12 can be 
formed by conventional techniques using a T die, or by 
inflation or calender forming techniques. The films may 
be elongated for strength by single-axis or biaxial elon- 
gation. 

[0038] The transparent thin film exhibits mechanical 
and optical anisotropy in the longitudinal and transver- 
sal directions of the film that will be taken up by a take- 
up reel. Any slant directions with respect to the take-up 
direction do not correspond to the longitudinal and 
transversal directions. 

[0039] More in detail, such a transparent thin film 
exhibits mechanical and optical anisotropy, such as a 
coefficient of linear expansion, Young modulus, birefrin- 
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gence, an internal stress, the direction of internal stress 
and the distribution of film thickness. 
[0040] Forming only one transparent thin film on the 
disc substrate 2 causes warpage due to mechanical 
anisotropy in coefficient of linear expansion or Young 5 
modulus, or unstable data retrieval due to optical anisot- 
ropy, such as birefringence. 

[0041] The discussion focuses on birefringence to 
prove the inventiveness of the present invention. 
[0042] Birefringence is caused by slight difference 
in refractive index in at least two directions among longi- 
tude, latitude and height of a film. 
[0043] Measuring equipment of birefringence is 
illustrated in FIG. 2. 

[0044] A light beam emitted by a lamp 20 is scat- 
tered through a ground glass 22. The scattered light 
passes through a rotatable polarizer 26 to be a beam of 
plane-polarized light. A wavelength selection filter 24 
may be set between the ground glass 22 and the rotat- 
able polarizer 26 for allowing light components having 
desired wavelength only passing therethrough. 
[0045] The beam of plane-polarized light then 
passes through another rotatable polarizer 28, but is 
almost not allowed to pass therethrough whenever the 
polarizer 28 rotates to exhibit a 90 degree-difference in 
plane of polarization to the incident plane-polarized light 
beam. 

[0046] A transparent film 32 is then set on a rotata- 
ble mount 30. The film 32 exhibits birefringence that 
increases the amount of light beam to pass through the 
rotatable polarizer 28. 

[0047] The rotatable polarizer 28 is rotated so that 
the amount of light beam passing therethrough 
becomes the minimum. The minimum amount is meas- 
ured by an analyzer 34 or visual inspection. 
[0048] The birefringence is represented by the dif- 
ference between the angle of the rotatable polarizer 28 
through which the minimum amount of light beam 
passes before the film 32 is set and another angle of the 
polarizer 28 through which the minimum amount of light 
beam passes after the film 32 is set. The birefringence 
can be measured in length by dividing the wavelength of 
the light beam by the angle difference. The angle differ- 
ence and length can be assigned "+" or "-" according to 
the rotational direction of the rotatable polarizer 28. 
[0049] The degree of birefringence depends on the 
material used for the transparent film 32 and the forming 
method thereof. A polycarbonate resin film exhibits 
large birefringence as shown in FIGS. 3A and 3B. 
[0050] Illustrated in FIGS. 3A is a round polycar- 
bonate film having a diameter of 120 mm. The experi- 
mental result on birefringence v. s. angle of rotation of 
the round film is shown in FIG. 3B. 
[0051] The results have led the inventors to over- 
come the problems on optical discs discussed so far by 
the method as disclosed below with reference to FIGS. 
4Ato 4C and FIG. 5. 

[0052] The two polycarbonate resin films 1 0 and 1 2 



are prepared, which will be used for the optical disc D, 
as shown in FIG. 1. Marks 10A (reference points) are 
made on the film 10, that indicate the direction in which 
birefringence becomes the maximum in positive, as 
shown in FIG. 4A. Marks 12A (reference points)are 
made on the film 12, that indicate the direction in which 
birefringence becomes the maximum in positive, as 
shown in FIG. 4B. The film 1 2 is then put on the film 1 0 
at an angle a between the marks 10A and 12A, as 
shown in FIG. 4C. 

[0053] The marks 1 0A and 12A can be made on the 
films so that they indicate the directions in which bire- 
fringence becomes the minimum in positive or negative. 
[0054] The experimental results on birefringence v. 
s. angle a are shown in FIG 5. The birefringence was 
almost zero at the angle a, 90 and 270 degrees. 
[0055] The experiment teaches that transparent 
thin films stuck each other at an appropriate angle a, 
such as, 90 and 270 degrees, over an optical disc can- 
cel birefringence that would occur on the disc, or makes 
variation in birefringence almost zero over the disc dur- 
ing data retrieval. This results in decrease in variation of 
retrieved data levels. 

[0056] Furthermore, optical discs can be protected 
from warpage by using two or more of thin optical films 
stuck each other at an appropriate angle a. 
[0057] It is now understood that the transparent 
layer 8 (FIG. 1) composed of the transparent thin films 
10 and 12 stuck on the film 6 by the adhesives 14 and 
16 reveals high data retrieval performance for optical 
discs with less variation in output data levels. 
[0058] The two transparent thin films 1 0 and 12 are 
used, however, three or more films can be used in this 
invention. The degree of mechanical and optical anisot- 
ropy for such films varies according to batches of films 
and the products offered by film manufacturers. It is 
therefore preferable to stick a plurality of films according 
to their mechanical and optical properties for better data 
retrieval performance. 

[0059] The mechanical and optical anisotropy 
would also vary from the starting to end stages of film 
processing even for the same batch of films. Further- 
more, films available for the present invention are gen- 
erally wider than 120 mm that is the width of optical 
discs. This would result In difference in mechanical and 
optical anisotropy with respect to the widths of proc- 
essed films. It is therefore preferable to check mechani- 
cal and optical properties of a plurality of films even in 
the same batch for obtaining appropriate angles a (FIG. 
4C) for the transparent layer 8 shown in FIG. 1 . 
[0060] Not only the same type but also different 
types of films can be used as transparent thin films for 
the present invention, such as, a combination of a poly- 
carbonate film and a polyvinyl chloride film, a vinylidene 
chloride film, a polyethylene terephthalate film or a pol- 
ystyrene film. 

[0061] As disclosed above, the transparent thin 
films stuck at an appropriate angle a determined based 
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on mechanical and optical anisotropy on the data 
recording surface of an optical disc protect retrieved 
data from lowering its level which would occur due to 
birefringence exhibited by the films. 
[0062] Moreover, the distribution of birefringence 5 
indicates the direction and strength of residual stress 
left after films are processed. Sticking two films, such 
as, polycarbonate films, each other at an angle a so that 
birefringence becomes the minimum, will also cancel 
internal stress of the films. These films thus protect an 10 
optical disc from warpage or surface variation. 
[0063] Discussed below Is the comparison between 
the samples of optical disc according to the present 
invention and of conventional optical disc. 

15 

[Sample A] 

[0064] An optical disc (sample A) was produced 
according to the present invention. 

[0065] A polycarbonate resin disc substrate was 20 
prepared by injection molding using an optical disc mold 
installing a stamper that was a plate on which data to be 
stored on an optical disc had been stored. 
[0066] The disc substrate was prepared with 1 2 cm 
in diameter and 1. 2 mm in thickness. The data record- 25 
ing surface was then coated with a 60 nm-thick alumi- 
num reflective film by spattering. 
[0067] Next, a 1 00 urn-thick polycarbonate film was 
cut into two doughnut-like transparent films with a 1 19 
mm-diameterto the outer periphery and a 30 mm-diam- 30 
eter to the inner periphery. 

[0068] Birefringence was measured from the inner 
to outer peripheries for each polycarbonate film. A black 
mark was made on the (reference) point on each film 
that exhibited the maximum birefringence. The two films 35 
were stuck each other at 90 degrees formed between 
the marked points with respect to the center of the films 
to confirm a decrescence of birefringence. 
[0069] Birefringence was measured again from the 
inner to outer peripheries of the stuck films. The result 40 
was that birefringence was decreased all over the sur- 
face compared to each film. A red mark was made on 
the same inner peripheral points of the films. The films 
were then separated from each other. 
[0070] The disc substrate coated with the reflective 45 
film was mounted on a spinner turntable. An ultraviolet 
cure resin (adhesive) is applied on the reflective film 
while the turntable was rotating slowly. Then, the ultravi- 
olet cure resin was applied with 1 cm in width and 6 mm 
in thickness on the middle section between the outer 50 
and inner peripheries of the reflective film. 
[0071] One (the first) of the doughnut-like polycar- 
bonate films was placed on the reflective film, and the 
spinner was rotated at a high speed so that the ultravio- 
let cure resin was spread all over the reflective film ss 
under the polycarbonate film. 

[0072] The disc substrate was taken away from the 
spinner and illuminated with ultraviolet-rays for harden- 



ing the ultraviolet cure resin. 

[0073] The resin-hardened disc substrate was 
again mounted on the turntable, and an ultraviolet cure 
resin was applied on the first polycarbonate film. 
[0074] The other (second) polycarbonate film was 
placed oh the first polycarbonate film so that the red- 
marked points met each other. 

[0075] The spinner was rotated at a high speed so 
that the ultraviolet cure resin was spread between the 
two polycarbonate films. 

[0076] The disc substrate was taken away from the 
spinner and illuminated with ultraviolet-rays for harden- 
ing the ultraviolet cure resin, to produce the sample A. 
[0077] The thickness of each layer of the sample A 
was as follows: 

the first ultraviolet cure resin layer between the alu- 
minum reflective film and the first polycarbonate 
film = 5 jim; 

the second ultraviolet cure resin layer between the 
first and the second polycarbonate films = 7 u.m; 
and 

the transparent layer = 0. 21 mm. 

[0078] The produced optical disc (sample A) 
warped little and also the surface was little deflected. 
Furthermore, the maximum signal level for one rotation 
of the optical disc during reproduction by a laser beam 
at a wavelength of 410 nm was about 103 % of the min- 
imum signal level. Thus, the output level change was lit- 
tle. 

[Sample B] 

[0079] Another optical disc (sample B) was pro- 
duced according to the present invention. 
[0080] A 1 00 u,m-thick polycarbonate film formed by 
the calendar method was cut into two doughnut-like 
transparent films with a 1 19 mm-diameter to the outer 
periphery and a 30 mm-diameterto the inner periphery. 
[0081] Birefringence was measured from the inner 
to outer peripheries for each film. A black mark was 
made on the (reference) point on each film that exhib- 
ited the maximum birefringence. The two films were 
stuck each other at 90 degrees formed between the 
marked points with respect to the center of the films to 
confirm a decrescence of birefringence. 
[0082] Birefringence was measured again from the 
inner to outer peripheries for the stuck films. The result 
was that birefringence was decreased all over the sur- 
face compared to each film. A red mark was made on 
the same inner peripheral points of the films. The films 
were then separated from each other. 
[0083] One (the first) of the doughnut-like polycar- 
bonate films was mounted on a spinner turntable. An 
ultraviolet cure resin (adhesive) is applied on the reflec- 
tive film while the turntable was rotating slowly. 
[0084] The other (second) polycarbonate film was 
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placed on the first polycarbonate film so that the red- 
marked points met each other. 
[0085] The spinner was rotated at a high speed so 
that the ultraviolet cure resin was spread between the 
two polycarbonate films. 5 
[0086] The stuck films were taken away from the 
spinner and illuminated with uftravio let-rays for harden- 
ing the ultraviolet cure resin. 

[0087] A disc substrate coated with a reflective film 
was mounted on the spinner turntable. An ultraviolet 10 
cure resin (adhesive) is applied on the reflective film 
while the turntable was rotating slowly. Then, the ultravi- 
olet cure resin was applied with about 1 cm in width and 
6 mm in thickness on the middle section between the 
outer and inner peripheries of the reflective film. is 
[0088] The stuck polycarbonate films were placed 
on the reflective film, and the spinner was rotated a high 
speed so that the ultraviolet cure resin was spread all 
over the reflective film under the stuck films. 
[0089] The disc substrate was taken away from the 20 
spinner and illuminated with ultraviolet-rays for harden- 
ing the ultraviolet cure resin, to produce the sample B. 
[0090] The thickness of the transparent layer was 
about 0. 22 mm. The produced optical disc (sample B) 
warped little and also the surface was little deflected. 25 
Furthermore, the maximum signal level for one rotation 
of the optical disc during reproduction by a laser beam 
at a wavelength of 41 0 nm was about 1 05 % of the min- 
imum signal level. Thus, the output level change was lit- 
tle. 30 

[Sample C] 

[0091] An optical disc (sample C) was produced 
according to the conventional method. 35 
[0092] A polycarbonate resin disc substrate was 
prepared by injection molding using an optical disc mold 
installing a stamper that was a plate on which data to be 
stored on an optical disc had been stored. 
[0093] The disc substrate was prepared with 12 cm 40 
in diameter and 1. 2 mm in thickness. The data record- 
ing surface was coated with a 60 nm-thick aluminum 
reflective film by spattering. 

[0094] A 200 nm-thick polycarbonate film formed by 
the calendar method was cut into two doughnut-like as 
transparent films with a 119 mm-diameter to the outer 
periphery and a 30 mm-diameter to the inner periphery. 
[0095] Note that the thickness (200 u.m) of the poly- 
carbonate film (sample C) formed by the calendar 
method was two times the thickness (100 urn) of the so 
polycarbonate film for the samples A and B according to 
the present invention. 

[0096] The disc substrate coated with the reflective 
film was mounted on a spinner turntable. An ultraviolet 
cure resin (adhesive) was applied on the reflective film 55 
while the turntable was rotating slowly. Then, the ultravi- 
olet cure resin was applied with 1 cm in width and 6 mm 
in thickness on the middle section between the outer 



and inner peripheries on the reflective film. 
[0097] The doughnut-like polycarbonate film was 
placed on the reflective film, and the spinner was 
rotated at a high speed so that the ultraviolet cure resin 
was spread all over the reflective film under the polycar- 
bonate film. 

[0098] The disc substrate was taken away from the 
spinner and illuminated with ultraviolet-rays for harden- 
ing the ultraviolet cure resin, to produce the sample C. 
[0099] The thickness of the transparent layer was 
about 0. 22 mm. The produced optical disc (sample C) 
warped and also the surface was much deflected. This 
is because the transparent film exhibited mechanical 
and optical anisotropy in the longitudinal and transver- 
sal directions as already discussed. Furthermore, the 
maximum signal level for one rotation of the optical disc 
during reproduction by a laser beam at a wavelength of 
410 nm was about three times the minimum signal level. 
The reproduced signal was degraded. 
[0100] As disclosed above, the samples A and B 
according to the present invention warped less and also 
their surfaces were deflected less than the sample C 
produced by the conventional method. 
[0101] An ultraviolet cure resin is suitable as an 
adhesive for sticking transparent films according to the 
present invention. However, not only this, but also a 
double-faced adhesive tape, and a reactive adhesive, 
such as, a two-liquid cure epoxy resin are preferable. 
[0102] The thickness of each transparent film was 
1 00 u/n for the samples A and B. However, the thick- 
ness may be 10 u.m, 20 u.m, 30jim, 50 urn or 75u.m for 
each film. Moreover, a plurality of films of different thick- 
ness can be used for composing a transparent layer. 
[0103] As disclosed above, according to the present 
invention, a plurality of transparent films are stuck each 
other at a specific angle under consideration of birefrin- 
gence to form a transparent layer, thus resulting in 
exhibiting less birefringence and internal stress. 
[0104] Optical discs using this transparent layer can 
therefore be protected from warpage and surface reflec- 
tion for stable signal reproduction, thus being suitable 
for high-density recording. 

Claims 

1. An optical disc comprising: 

a recording layer on which data has been 
stored; and 

a transparent layer stuck on the recording layer, 
the transparent layer being composed of at 
least a first transparent film and a second 
transparent film, the first film being stuck on the 
second film at a predetermined angle formed 
between reference points on the films with 
respect to the center of the optical disc so that 
the stuck films exhibit the minimum birefrin- 
gence while the data is retrieved by a laser 
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beam through the transparent layer. 

2. The optical disc according to claim 1 , wherein each 
film exhibits the maximum or minimum birefrin- 
gence at the reference point before sticking. 

3. The optical disc according to claim 1 , wherein the 
angle is 90 or 270 degrees. 

4. The optical disc according to daim 1 , wherein at 
least either the first or the second film is a polycar- 
bonate film, a polyvinyl chloride film, a vinylidene 
chloride film, a polyethylene terephthalate film or a 
polystyrene film. 

5. The optical disc according to claim 1 , wherein the 
thickness of at least either the first or the second 
transparent film is 10 u/n, 20 urn, 30u.m, 50 um or 
75nm. 

6. The optical disc according to claim 1 , wherein the 
first transparent film is stuck on the second trans- 
parent film via a transparent adhesive layer. 

7. The optical disc according to claim 1, wherein the 
transparent layer is stuck on the recording layer via 
a transparent adhesive layer. 

8. The optical disc according to claim 6 or 7, wherein 
the transparent adhesive layer is an ultraviolet cure 
resin layer, a double-faced adhesive tape layer, or a 
two-liquid cure epoxy resin layer. 

9. A method of producing an optical disc having a 
recording layer on which data is stored, comprising 
the steps of: 

sticking at least a first transparent film and a 
second transparent film each other at a prede- 
termined angle formed between reference 
points on the films with respect to the center of 
the optical disc, to form a transparent layer; and 
sticking the transparent layer on the recording 
layer, the angle being adjusted so that the 
transparent layer exhibits the minimum birefrin- 
gence while the data is retrieved by a laser 
beam through the transparent layer. 

1 0. The method of producing an optical disc according 
to claim 9, further comprising the step of deciding 
the reference points so that each film exhibits the 
maximum or minimum birefringence before stick- 
ing. 

1 1 . The method of producing an optical disc according 
to claim 9, wherein the transparent film sticking step 
comprising the step of sticking the first transparent 
film on the second transparent film by means of a 



transparent adhesive. 

12. The method of producing an optical disc according 
to claim 9, wherein the transparent layer sticking 
5 step comprising the step of sticking the transparent 

layer on the recording layer by means of a transpar- 
ent adhesive. 
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